T he highly stressful life in the current age has led to many lifestyle disorders like diabetes mellitus (DM) that affects ABSTRACT Introduction: In spite of a large number of drugs showing anti-hyperglycemic activities, none of them have been successful in complete management of diabetes mellitus (DM). Yoga and Ayurveda are the two schools of thought in India, which have a history of curing diseases since thousands of years. Yogic techniques and Ayurvedic herbs have proven their anti-diabetic potential without inducing untoward effects. The present study combines Ayurvedic medication with Yoga techniques as a new approach toward healing DM. Aims and Objectives: To assess the effect of Yoga therapy in the management of non insulin-dependent DM (NIDDM) and to decrease the oral drug dose requirement of guḍūcī ghana Tablet. Materials and Methods: Thirty known NIDDM patients of both genders, who were on guḍūcī ghana (solidified aqueous extract of Tinospora cordifolia (Willd.) Miers.) tablets from past 2 months as Ayurvedic remedy for DM were selected. Along with guḍūcī ghana administration, the subjects were instructed to follow Yogic procedures including Āsanas, prāṇāyāma, and śuddhi kriyās. The study was conducted for 8 weeks, wherein fasting blood sugar (FBS) and postprandial blood sugar (PPBS) levels along with relief in sign and symptoms were assessed at every 2 weeks intervals, and according to relief in sign and symptoms, tapering of drug dosage was carried out. The obtained data were analyzed statistically by applying paired t-test.
INTRODUCTION
T he highly stressful life in the current age has led to many lifestyle disorders like diabetes mellitus (DM) that affects Diabetes is a chronic metabolic disorder due to absolute or relative deficiency of insulin secretion with/without varying degree of insulin resistance. [1, 2] In the current fast-track lifestyle of people, factors like dietetic incompatibilities, [3, 4] stressful living, and sedentary lifestyle leading to reduced physical activity [5] have been blamed to influence the manifestation of the disease. Non insulin-dependent DM (NIDDM) is considered in Ayurveda as madhumeha, which is a Tridoṣa predominant disease commonly manifested with prabhūta āvila mūtratā [6] (increased frequency and turbidity of urine). A significant amount of work is going in the field of epidemiology, genetics, molecular biology, and synthetic chemistry to find out alternative strategies to fight against diabetes.
According to American Diabetes Association, the total costs associated with diagnosed diabetes have risen to $245 billion in 2012 from $174 billion in 2007, representing a 41% increase over a 5 years period.
[7] The World Health Organization (WHO) is urging health decision makers to develop effective management strategies to halt the rising trend of DM through trouble-free and cost effective treatment modalities. Recent studies also prove that poor diabetic victims are more prone to complications as they have lesser access to quality health care. [8] This presents an alarming picture and a cost effective, and intelligent healthcare strategy is needed now to stem the rise of DM. It seems as though only herbal medications along with Yoga therapy fulfill this need as both healing methods are safe and cost effective to all sections of society.
The management of DM is possible with the drugs that work along with endogenous insulin secretion, overcoming resistance, maintaining normal blood sugar level, and restoring the liver glycogen level on one hand and also possess antioxidant activity on the other. In the modern system of medicine, there is no single drug that has all these actions. [9] guḍūcī (Tinospora cordifolia (Willd.) Miers), a herb, is reported to possess all the above said properties. [10] [11] [12] Pharmacological and clinical reports prove it to be safer and more nontoxic [13, 14] than currently available oral anti-diabetic synthetic drugs that induce several side effects.
[15] Among numerous guḍūcī-based products available today, guḍūcī Ghana (solidified aqueous extract of T. cordifolia) is popularly known in Ayurvedic fraternity for its therapeutic properties in madhumeha. [16] guḍūcī ghana is a concentrated dosage form, which is prepared by boiling the kvātha (decoction) of guḍūci up to semisolid consistency and then drying it to solid state. [17] Its hypoglycemic and anti-hyperglycemic activity is also established pharmacologically and clinically in contemporary studies. [18, 19] Yoga includes various health promoting tools such as āsanas (postural exercises), prāṇāyāma (breathing exercises), and śuddhi kriyās (cleansing procedures) that work on all aspects of the person: The physical, mental, emotional, psychic, and spiritual. These days, Yoga is often projected as an exercise only. However, significant physical, physiological, psychological, and endocrinal changes have been reported in people following various Yogic regimens over a period proving its efficacy in diabetes. [20, 21] Though both Yoga and medicine help alleviate the suffering associated with illness; Yoga is also a preventive medicine par excellence.
Nevertheless, no work is reported till date to assess whether Yoga regimen along with Ayurvedic medication can be helpful in drug dose reduction in diabetes, and if helpful, then to what extent. Considering all these points, the current study was planned to explore certain leads toward a simple and cost effective treatment modality for diabetes. 
MATERIALS AND METHODS

Selection of patients
Inclusion criteria
Patients with classical symptomatology of madhumeha, [22] as well as type-2 DM, [23] were selected for the present study. We chose those subjects whose fasting blood sugar (FBS) and postprandial blood sugar (PPBS) blood sugar levels could be maintained at ≤ 126 mg/dL and ≤ 200 mg/dL, respectively, with the help of guḍūcī ghana tablets orally, three tablets, 500 mg each, twice a day with Lukewarm water, half an hour before meal. The patients between age group of 30 and 70 years were included in the study.
Exclusion criteria
Patients having insulin-dependent DM, severe diabetic complications: Microvascular (retinopathy, neuropathy, and nephropathy) or macrovascular (coronary artery disease, peripheral vascular disease and cerebro-vascular disease), pregnancy, lactation and known case of tuberculosis, AIDS, and malignancies were excluded.
Diagnostic criteria and study design
Standard criteria of national diabetes data group and WHO for DM were adopted (these criteria are also adopted by the American Diabetic Association), [24] and blood glucose level was estimated in all patients. In this open clinical trial, all the patients were of middle-income group, literate, and from both urban and rural areas. They were advised suitable diet and lifestyle (pathya-apathya) in diabetes. Selected patients were instructed to perform prayer (Shānti Mantra) and rotation/ stretches (rotation of body joints, just like a warm up exercise before Yoga practice) followed by five āsana, three prāṇāyāma and two types of śuddhi kriyā. To finish the session, patients were advised to perform prayer again. The schedule of Yoga sessions is detailed in Table 2 . Every session of Yoga was conducted in the morning hours between 7 and 8 a.m. under the supervision of an expert Yoga instructor and received personalized attention and supervision for the duration of 8 weeks. Anuloma-viloma prāṇāyāma was advised for three rounds (9 times inhalation and exhalation = one round) as per classical reference. [25] The duration of Kapālabhāti was gradually increased from 5 (at 1 st week) to 15 min (at 3 rd week), as it is not recommended to do this procedure for long time when one is beginning to do yoga. On achieving this ideal duration of Kapālabhāti (i.e. 15 min), all the procedures followed in the 3 rd week were continued for 8 weeks.
Written informed consent was taken as per the Helsinki Declaration after explaining the study and its aims to the patient. They were kept on the same drug and diet control throughout the study before and after Yoga therapy. Doses of drugs were altered (decreased) periodically.
Preparation of the gud . ūcī ghana tablets
The pharmaceutical process was divided into two parts, that is, preparation of guḍūcī kvātha and ghana. Firstly guḍūcī kvātha and later its ghana were prepared by following classical methods. Guḍūcī ghana tablets were prepared as per the specifications of Indian pharmacopoeia, following the principle of direct compression.
[17]
Method of assessment
Scoring pattern of sign and symptoms is detailed in Table 1 . Yogic procedures taught for 8 weeks are listed in Table 2 . FBS and PPBS blood sugar levels testing were performed at 2 weeks intervals. According to relief in signs and symptoms of madhumeha, tapering of the dosage of guḍūcī ghana was carried out.
OBSERVATIONS AND RESULTS
All the treated patients developed a feeling of well-being. Observations related to baseline characteristics of patients (age, gender, chronicity, family history, physical activity, mental stress, etc.) are depicted in Table 3 . Data on drug dose reduction, FBS, and PPBS level testing performed at 2 weeks intervals are shown in Table 4 . Statistically obtained results on clinical symptomatology as per scoring pattern, and the overall effect of therapy has been placed in Tables 5 and 6 . 
Feeling of thirst 7-9 times/24 h, either/or intake of water 5-7 times/24 h with quantity 1. 
Statistical analysis of the effect of therapy
The obtained data were analyzed statistically in terms of mean (x), standard deviation and standard error and paired t-test. Paired t-test was carried out at P < 0.05, P < 0.01, and P < 0.001 levels. The obtained results were interpreted as: P > 0.05 -Insignificant P < 0.05 -Significant P < 0.01 or < 0.001 -Highly significant.
DISCUSSION
Of the 30 patients who enrolled in the study, all completed the study. All the patients were from Jamnagar district, Gujarat, India. No allopathic or other medicine was administered along with guḍūcī ghana tablets during the course of the study.
Paired t-test readings of before and after the Yoga sessions were taken and analyzed. Noticeable fall in the blood glucose level occurred due to the effect of Yoga therapy. Highly significant improvement was also reported in signs and symptoms of diabetes after 8 weeks regimen of Yoga āsanas along with oral herbal medication. The patients showed a sense of well-being within first 2 weeks, and there was lowering of dosage of oral medication. Dosage reduction was after questioning. On completion of the 8 weeks course, all patients developed a feeling of general well-being, alertness and attentiveness.
Certain patients used to have reduced physical activity (56.67%). Most inhabitants of study region do not engage in any work between 1 p.m. to 4 p.m., and this can contribute to their madhumeha. Sedentary lifestyle is said to be predisposing factor for diabetes both in Ayurvedic and contemporary literature. [26, 27] Table 3 indicates that the subjects were facing various stresses that also triggers rise in blood sugar level. [28] Most of the patients (63.33%) had chronicity of 5-10 years. This confirms the effectiveness of Ayurvedic medicine and Yoga therapy even in later stages of the disease [ Table 3 ].
The specific Yoga āsanas and prāṇāyāma which were advised to subjects proved beneficial for DM in earlier studies. [29, 30] Efficacy of Prayer, Kapalabhāti and Trāṭaka is also well established.
[31,32] The exact mechanism of action of Yoga āsanas is unknown. It is postulated that rejuvenation or regeneration of beta cells of the pancreas may be taking place, which may increase utilization and metabolism of glucose in peripheral tissues, liver, and adipose tissues through enzymatic processes. [33, 34] In Ayurveda, beside regular exercises, manual labor, walking, swim, run, ride, etc., are prescribed. [35] [36] [37] In addition to increased blood glucose level, dyslipidemia is associated in NIDDM patients. Exercise in diabetics can improve insulin sensitivity, glycemic control, and lipid profile. [38] However, the intensity and duration of physical training required to decrease LDL and increase HDL cholesterol are not feasible in most NIDDM patients because of obesity, cardiovascular disease, and other age-related problems. [39, 40] In such cases, Yoga Āsanas provide a better choice for sufferers.
Āsana and prāṇāyāma reduce the overactivity of central and autonomous nervous system during all the stressful states. Due to various twists, stretches and strains in the body due to Yogic āsanas, the internal organs and endocrine glands are stretched and undergo strain. It increases the blood and oxygen supply to these parts and thus increases the efficiency and functioning of the endocrine system. Strengthening the immune system is also vital since some illnesses can cause the body to produce more blood sugar. Certain Yogic exercises activate the thyroid glands, massage the pancreas, stimulate nerve impulses to the pancreas and even affect the whole metabolism and provide healing energies of circulation and hence prove beneficial in the treatment of diabetes.
It is now reported that after Yoga practice, there is a significant decrease in free fatty acids, and a considerable decline in serum lipase activity. [41] As free fatty acids are insulin antagonist; their reduced level improves the diabetic status. [42, 43] Stress may sometimes cause diabetes, by causing blood glucose levels to rise. [44] In mental stress, the body pumps out higher levels of hormones. The diagnosis of diabetes usually comes as a shock and is psychologically stressful.
[45,46] Yoga has been proven as an effective stress alleviator, [47] restorer of health and an effective way to maintain blood sugar level in normal range with relatively less medication. [41, 48] The current study can provide a satisfactory and affordable approach in managing diabetes by building up a bridge between drug administration and Yoga therapy. It offers a safer approach of appropriate lifestyle intervention along Ayurvedic medication that could help the authorities to improve health conditions of diabetics.
Study limitations and future directions
This is an unblinded study without a control group. This preliminary study should be followed-up by a controlled trial; the controls being selected by an accepted randomization procedure. Comparisons may be made 
CONCLUSION
The consorted approach of management explored by the present study may serve as a light of hope towards search of ideal treatment of DM. Relief in diabetic symptomatology was highly significant in terms of P values. 80.83% reduction in oral drug dosage and 7.85% and 8.78% fall in FBS and PPBS levels, respectively, were observed after complete course of treatment. The obtained P values show highly significant results. Present treatment regimen may counter the complex pathology of NIDDM, and it not only ensures good glycemic control when supported by diet and lifestyle prescribed for madhumeha, but also will delay its complications.
